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particles may be used to make abrasive articles that include a backing, 
adhere the abrasive agglomerate particles to the backing. 



(57) Abstract: A method for 

making abrasive agglomerate 
particles from a composition 
(12) comprising at least a 
radiation curable binder and 
solid particulates. The method 
comprises the steps of forcing the 
composition through a perforated 
substrate (56) to form agglomerate 
precursor particles (20) which 
then separate from the perforated 
substrate. Then, the particles 
are irradiated to form solidified, 
handleable agglomerate particles 
before being collected. The 
abrasive agglomerate particles and a bonding medium to 
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METHOD OF MAKING ABRASIVE AGGLOMERATE PARTICLES AND 
ABRASIVE ARTICLES THEREFROM 

Background of the Invention 

This invention relates to a method for making abrasive agglomerate particles 
comprising a binder and abrasive grains. The abrasive agglomerate particles made by the 
present invention can be used in abrasive products such as, for example, coated abrasives, 
bonded abrasives, and nonwoven abrasives. 

In the abrasives industry, conventional coated abrasive articles typically consist of 
a layer of abrasive grains adhered to a backing. When abrasive grains are worn, the 
resulting abrasive article is rendered inoperable and the backing, one of the more 
expensive components of the coated abrasive article, must be disposed of before it has 
worn out. 

Many attempts have been made to distribute the abrasive grains on the backing in 
such a manner so that the abrasive grains are better utilized, in order to extend the useful 
life of the coated abrasive article. By extending the life of the coated abrasive article, 
fewer belt or disc changes are required, thereby saving time and reducing labor costs. 
Merely depositing a thick layer of abrasive grains on the backing will not solve the 
problem, because grains lying below the topmost grains are not likely to be used. 

Several methods whereby abrasive grains can be distributed in a coated abrasive 
article in such a way as to prolong the life of the article are known. One such way 
involves incorporating abrasive agglomerate particles in the coated abrasive article. 
Abrasive agglomerate particles consist of abrasive grains bonded together by means of a 
binder to form a mass. The use of abrasive agglomerate particles with the surface having 
random shapes and sizes makes it difficult to predictably control the quantity of abrasive 
grains that come into contact of a workpiece. For this reason, it would be desirable to 
have an economical way to prepare abrasive agglomerate particles. 

Summary of the Invention 

The present invention provides abrasive articles containing abrasive agglomerate 
particles. The abrasive agglomerate particles are formed from a radiation curable 
polymerizable binder precursor, have a substantially constant cross-sectional area, a crush 
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Strength greater than 1 pound, and are randomly disposed on the backing. These abrasive 
articles can be bonded abrasive articles, coated abrasive articles, or nonwoven abrasive 
articles. 

In one aspect, the present invention involves a method for making abrasive 
5 agglomerate particles from a composition comprising at least a radiation curable binder 
and abrasive grains. In a preferred embodiment, the binder is radiation curable and 
polymerizable. 

The method of the present invention involves forming abrasive agglomerate 
precursor particles and curing them. In a preferred embodiment, the first step involves 

10 forcing the binder precursor and abrasive grains through a perforated substrate to form 
abrasive agglomerate precursor particles. Next, the abrasive agglomerate precursor 
particles are separated from the perforated substrate and irradiated with radiation energy to 
provide abrasive agglomerate particles. In a preferred embodiment, the method of forcing, 
separating, and irradiating steps are spatially oriented in a vertical and consecutive 

IS manner, and are performed in a sequential and continuous manner. Preferably, the 

abrasive agglomerate particles are solidified and handleable after the irradiation step and 
before being collected. 

Binder precursors of the present invention include thermal and radiation curable 
binders. Preferable binder precursors comprise epoxy resins, acrylated urethane resins, 

20 acrylated epoxy resins, ethylenically unsaturated resins, aminoplast resins having pendant 
unsaturated carbonyl groups, isocyanurate derivatives having at least one pendant acrylate 
group, isocyanate derivatives having at least one pendant acrylate group or combinations 
thereof. Preferred abrasive grains comprise fused aluminum oxide, ceramic aluminum 
oxide, white fiised aluminum oxide, heat treated aluminum oxide, silica, silicon carbide, 

25 green silicon carbide, alumina zirconia, diamond, ceria, cubic boron nitride, garnet, tripoli 
or combinations thereof. In one embodiment, the abrasive grains are from 5% to 95%, by 
weight, of the agglomerate composition. In a preferred embodiment, the abrasive grains 
are from 40% to 95%, by weight, of the agglomerate composition. 

The agglomerate composition of binder precursor and abrasive grains preferably 

30 has a high viscosity. In the most preferred embodiment, the composition is formed from a 
binder precursor that is 100% solids (i.e., ho volatile solvents at process temperature). 
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Methods of forcing the binder precursor and abrasive grains through a perforated 
substrate comprise extrusion, milling, calendering or combinations thereof. In a preferred 
embodiment, the method of forcing is provided by a size reduction machine, manufactured 
by Quadro Engineering Incorporated. 
5 In one embodiment, the abrasive agglomerate precursor particles are irradiated by 

being passed through a first curing zone which contains a radiation source. Preferred 
sources of radiation comprise electron beam, ultraviolet light, visible light, laser light or 
combinations thereof. In another embodiment, the abrasive agglomerate particles are 
passed through a second curing zone to be further cured. Preferred energy sources in the 

10 second curing zone comprise thermal, electron beam, ultraviolet light, visible light, laser 
light, microwave or combinations thereof. 

In a preferred embodiment, the abrasive agglomerate particles are filamentary 
shaped and have a length ranging from about 100 to about 5000 micrometers. Most 
preferably, the filamentary shaped abrasive agglomerate particles range in length from 

15 about 200 to about 1000 micrometers. In one embodiment, the abrasive agglomerate 
particles are reduced in size after either the first irradiation step or after being passed 
through the second curing zone. The preferred method of size reducing is with the size 
reduction machine manufactured by Quadro Engineering Incorporated. 

In one embodiment, the cross-sectional shapes of the agglomerate particles 

20 comprise circles, polygons or combinations thereof. Preferably, the cross-sectional shape 
is substantially constant. 

In one embodiment, the agglomerate particles comprise an inorganic binder 
precursor additive. Preferably, the inorganic binder precursor additive comprises glass 
powder, frits, clay, fluxing minerals, silica sols, or combinations thereof. 

25 In one embodiment, the abrasive agglomerate precursor particles comprise a 

modifying additive. Preferably, the modifying additive comprises coupling agents, 
grinding aids, fillers, surfactants or combinations thereof. 

The abrasive agglomerate particles of the invention may be incorporated into 
conventional abrasive articles (e.g., bonded abrasives, coated abrasives and nonwoven 

30 abrasives). Abrasive articles, with the abrasive agglomerate particles of the present 
invention, have exhibited long life, high cut rates and good surface finishes. 
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Brief Description of the Drawings 
FIG* 1 is a schematic side view in elevation of an abrasive agglomerate particle 
made according to the method of this invention. The particle has a substantially circular 
cross-section. 

FIG. 2 is a photomicrograph of an abrasive agglomerate particle made according 
to the method of this invention. The particle has a substantially circular cross-section. 

FIG. 3 is a schematic side view illustrating a method of this invention. 

FIG. 4 is a perspective view of a size reduction machine with a front portion of 
said machine being cut away to expose an interior of said machine. 

FIG. 5 is a perspective view of a screen used in the size reduction machine of FIG. 

4. 

FIG. 6 is a schematic cross-sectional view of a filamentary shaped abrasive 
agglomerate particle used in the present invention. It has a substantially constant cross- 
section. 

Detailed Description 

The present invention provides abrasive articles containing abrasive agglomerate 
particles. The abrasive agglomerate particles are formed from a radiation curable 
polymerizable binder precursor, have a substantially constant cross-sectional area, a crush 
strength greater than 1 pound (454 grams) and are randomly disposed on the backing. 
These abrasive articles can be bonded abrasive articles, coated abrasive articles, or 
nonwoven abrasive articles. For a bonded abrasive article, the abrasive agglomerate 
particles are bonded together by a bonding medium to form a shaped mass, for example, a 
cut-off wheel. Bonded abrasive articles are typically made by a molding process. For a 
coated abrasive article, the abrasive agglomerate particles are bonded by a bonding 
medium to a backing. For a nonwoven abrasive article, the abrasive agglomerate particles 
are bonded by a bonding medium into a nonwoven. 

Backings suitable for preparing coated abrasive articles include paper, nonwovens, 
woven substrates, polymeric film, primed polymeric film, vulcanized fibers, treated 
versions thereof or combinations thereof 

Material for bonding the abrasive agglomerate particles to a substrate or together 
includes a cured resinous adhesive and optional additives. Examples of resinous adhesives 
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suitable for this invention include phenolic resins, aminoplast resins, urethane resins, 
epoxy resins, acrylate resins, acrylated isocyanurate resins, urea-formaldehyde resins, 
isocyanurate resins, acrylated urethane resins, vinyl ethers, acrylated epoxy resins, 
maleimide resins or combinations thereof. The optional additives include fillers 

5 (including grinding aids), fibers, lubricants, wetting agents, surfactants, pigments, dyes, 
coupling agents, plasticizers, and suspending agents. Examples of fillers include talc, 
calcium carbonate, calcium metasilicate, silica and combinations thereof. The amounts of 
these materials are selected to provide the properties desired. 

In a preferred embodiment, the abrasive agglomerate particles are made as follows: 

10 forcing a composition, comprising a binder precursor and abrasive grains, through a 

perforated substrate to form particles. After the particles separate, or are separated, from 
the perforated substrate, part or all of the binder precursor is irradiated to cure or solidify 
the binder precursor and to provide solidified, handleable binder and abrasive agglomerate 
particles. 

15 FIG. 6 illustrates a preferred abrasive agglomerate particle with a substantially 

constant cross-section 90. 

In general, the present invention involves a method for making particles. The 
method involves forcing a composition, comprising a binder precursor and abrasive grains, 
through a perforated substrate to form particles. After the particles separate, or are 

20 separated, from the perforated substrate, part or all of the binder precursor is irradiated to 
cure or solidify the binder precursor and to provide solidified, handleable binder and 
abrasive agglomerate particles. 

FIG. 1 illustrates a preferred, non-limiting example of a filamentary shaped 
abrasive agglomerate particle made by the method of the present invention. 

25 FIG. 1 illustrates what is meant by the term "filamentary shaped abrasive 

agglomerate particle." The abrasive agglomerate particle 80 itself comprises a binder 82 
and plurality of abrasive grains 84. The rough comers 85 permit formation of a strong 
mechanical bond to the maker and size coats used in normal coated abrasive 
manufacturing techniques. 

30 As used herein, the expression "filamentary shaped" means the abrasive 

agglomerate particle has an aspect ratio (aspect ratio = length of particle (L)/width of 
particle (W)) greater than or equal to one. For example, FIG. 1 illustrates a filamentary 
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shaped abrasive agglomerate particle with an aspect ratio greater than one. In FIG. 1, 
abrasive agglomerate particle length L is greater than particle width W. 

As used herein, the expression "binder precursor" means any material that is 
deformable or may be made to be deformed by heat or pressure or both and that can be 

5 rendered handleable by means of radiation energy, thermal energy or both. As used 
herein, the expression "solidified, handleable binder" means part or all of the binder 
precursor has been polymerized or cured to such a degree that it will not substantially flow 
or experience a substantial change in shape. The expression "solidified, handleable 
binder" does not mean that part or all of the binder precursor is always fully polymerized 

10 or cured, but that it is sufficiently polymerized or cured to allow collection thereof after 
being irradiated, without leading to substantial change in shape of the binder. As used 
herein, the term "binder" is synonymous with the expression "solidified, handleable 
binder." 

As used herein, the expression "inorganic binder precursor" refers to particulate 
15 additives which, when heated at a temperature sufficient to bum out organic materials 
present in the agglomerate particle, may subsequently fuse together to form a rigid, 
inorganic phase bonding the aggregate particle together. Examples of inorganic binder 
precursors include glass powder, frits, clay, fluxing minerals, silica sols, or combinations 
thereof. 

20 As used herein the expression "inorganic aggregate precursor agglomerate 

particle" refers to an agglomerate particle of the present invention compromising a 
plurality of solid particles, a radiation curable polymerizable binder precursor, and 
inorganic binder precursor particulate additives. 

As used herein, the expression "radiation curable polymerizable" refers to that 

25 portion of the binder precursor that may be rendered a solidified, handleable binder as a 
result of polymerization that is initiated by means of radiation energy. 

As used herein, the expression "perforated substrate" means any material with one 
or more openings to allow a composition comprising binder precursor and abrasive grains 
to be forced through the opening or openings. The material should also have sufficient 

30 integrity to withstand any backpressure, frictional heating or conductive/convective 
heating. In general, perforated substrates may include, for example, mesh screens (as 
described, for example, in U.S. Pat. No. 5,090,968), film dies, spinneret dies, sieve webs 
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(as described, for example, in U.S. Pat. No. 4,393,021) or screens (as described, for 
example, in U.S. Pat. No. 4,773,599). Preferred perforated substrates of the present 
invention comprise conical screens with geometrical opening from one mil (25 
micrometers) to 500 mil (12.7 nmi) diameter. Most preferred perforated substrates of the 

5 present invention comprise conical screens with circular opening from 15 mils (0.38 mm) 
to 250 mils (6.35 mm) diameter. 

FIG. 3 illustrates a preferred apparatus 10 suitable for carrying out the method of 
this invention to make filamentary shaped abrasive agglomerate particles. In apparatus 10, 
a composition 12 comprising binder precursor and abrasive grains is fed by gravity from a 

10 hopper 14 or by hand into an input 16 of a machine 18 to form filamentary shaped 

. abrasive agglomerate precursor particles 20. The filamentary shaped abrasive agglomerate 
precursor particles 20 separate from size reduction screen 22. The filamentary shaped 
abrasive agglomerate precursor particles fall, by gravity, through a curing zone 24 where 
they are exposed to an energy source 26 to at least partially cure the binder precursor to 

1 5 provide solidified, handleable binder and filamentary shaped abrasive agglomerate 

particles. The filamentary shaped abrasive agglomerate particles 28 are collected in a 
container 30. 

The machine 18 in FIG. 3 may be any material forming apparatus such as, for 
example, an extruder, milling/size reducing machine, pellitizer and pan abrasive 

20 agglomerater. FIG. 4 illustrates a highly preferred material forming apparatus, a size 

reduction machine, manufactured by Quadro Engineering Incorporated, model # 197, and 
marketed under the trade designation "QUADRO COMBL". The Quadro Comil size 
reduction machine 40 has an impeller 42 mounted on a rotatable shaft 44. The shaft 44 
and impeller 42 are located in a channel 46 having an input 48 and an output 50. The 

25 impeller 42 is shaped and mounted so that a gap 52 between an edge of said impeller and a 
tapered wall of said screen is substantially constant as said impeller rotates relative to said 
screen. 

Generally, the impeller 42 shape may be, for example, round, flat or angular flats. 
The preferred impeller 42 shapes used in the present invention may be round. The most 
30 preferred impeller 42 shapes used in the present invention are arrowhead shaped. 
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Generally, the gap 52 width may range in size, for example, from 1-200 mils (25 
micrometers to 5.1 mm). The most preferred gap 52 width used in the present invention 
may be from 5 to 50 mils (0,13-1.3 mm). 

Adjusting the impeller 42 rotation speed to optimize manufacturing conditions will 
5 be readily apparent to one skilled in the art. The most preferred impeller 42 rotation speed 
used in the present invention may be from 50 to 3500 rpm. 

The channel 46 also contains a support 54 and a screen 56 that is held within the 
support so that any binder precursor or solidified, handleable binder passing from said 
input 48 to said output 50 passes through the screen 56. The screen 56 has a tapered 
10 aperture wall 58 formed into a frusto-conical shape, with a wide end 60 of the screen 56 

being open and a narrow end 62 being at least partially closed. In most uses, it is desirable 
to have the narrow end 62 completely closed. The screen has openings 64 that are shaped. 

Generally, the screen opening 64 shapes may be curved, circular or polygonal, 
including, for example, triangles, squares, and hexagons. The preferred screen opening 64 
15 shapes used in the present invention may be circular or square. The most preferred screen 
opening 64 shapes used in the present invention may be square or circular, ranging in size 
from 15-250 mil (0.38-6.35 mm). 

As can readily be seen from FIG. 4, an end 66 of the shaft 44 protrudes from the 
channel 46. A power source (not shown) can easily be attached to the end 66 of the shaft 
20 44 to cause the shaft 44 and impeller 42 to rotate relative to said screen 56. Preferably, the 
power source is a variable speed electric motor. However, the power source is 
conventional and many other power sources will be suitable to operate the size reduction 
machine ("QUADRO COMIL" 40. 

FIG. 3 illustrates a separating step of the method of this invention. In general, the 
25 separation step can be active or passive. The passive method of separation is illustrated in 
FIG. 3. Passive separation is the result of the formed composition reaching a critical 
length and separating from the screen opening after the composition has been forced 
through a perforated substrate. Passive separation is a function of, for example, the 
following: 1) the physical and/or chemical properties of the composition (including 
30 viscosity), 2) the physical and chemical properties of process equipment that interfaces 
with the composition (including the perforated substrate) and 3) process operating 
conditions (including composition flowrate). Active separation is the result of process 
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equipment mechanically separating the formed composition from the perforated substrate. 
An example of active separation may be, for example, a doctor blade or air knife moving 
perpendicular to direction of composition flow. 

FIG* 3 illustrates, in general, the irradiation step. Sources of radiation energy in 

5 the irradiation step, the first curing zone or the second curing zone comprise electron beam 
energy, ultraviolet light, visible light, microwave, laser light or combinations thereof. 

In a preferred embodiment, ultraviolet light is used as a radiation source. In the 
same embodiment, mirrors are used in a chamber containing the ultraviolet radiation 
source to reflect the ultraviolet waves in a way that intensifies the energy transmitted to 

10 the abrasive agglomerate precursor particles. 

Electron beam radiation, which is also known as ionizing radiation, can be used at 
an energy level of about 0.1 to about 20 Mrad, preferably at an energy level of about one 
to about 10 Mrad. Ultraviolet radiation refers to radiation having a wavelength within the 
range of about 200 to about 400 nanometers, preferably within the range of about 250 to 

15 400 nanometers. The dosage of radiation can range from about 50 to about 1000 mJ/cm^, 
preferably from about 100 mJ/cm^ to about 400 mJ/cm^. Examples of lamp sources that 
are suitable for providing this amount of dosage provide about 100 to about 600 watts/inch 
(39 - 236 watts/cm), preferably from about 300 to about 600 watts/inch (118-236 
watts/cm). Visible radiation refers to non-particulate radiation having a wavelength within 

20 the range of about 400 to about 800 nanometers, preferably in the range of about 400 to 
about 550 nanometers. The amount of radiation energy needed to sufficiently cure the 
binder precursor depends upon factors such as the chemical identity of the binder 
precursor, the residence time in the first curing zone, the type of abrasive grains and the 
type of, if any, optional modifying additives. 

25 Optionally, the abrasive agglomerate particles made by the present invention may 

be passed through a second curing zone, thereby curing uncured binder precursor, if any, 
and providing a filamentary shaped abrasive agglomerate with different properties than the 
filamentary shaped abrasive agglomerate particle made after the first curing zone. In the 
second irradiation step, the binder precursor is preferably capable of being cured by 

30 radiation or thermal energy. Sources of radiation energy were discussed above. Sources 
of thermal energy may include, for example, hot air impingement, heated water and 
infrared radiation. Conditions for thermal curing range from about 50 °C to about 200 °C 
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and for a time of from fractions to hundreds of minutes. The actual amount of heat 
required is greatly dependent on the chemistry of the binder precursor. 

In one embodiment, filamentary shaped abrasive agglomerate particles of the 
present invention may have an aspect ratio in the range from one to 30, preferably from 
5 one to 15 and most preferably from one to 5. 

In general, binder precursors which can be rendered handleable as a result of 
polymerizing by means of radiation energy may include, for example, acrylated urethanes, 
acrylated epoxies, ethylenically unsaturated compounds', aminoplast derivatives having 
pendant unsaturated carbonyl groups, ispcyanurate derivatives having at least one pendant 
10 acrylate group, isocyanate derivatives having at least one pendant acrylate group, vinyl 
ethers, epoxy resins, and combinations thereof. The term acrylate includes both acrylates 
and methacrylates. 

Acrylated urethanes are diacrylate esters of hydroxy terminated isocyanate 
extended polyesters or polyethers. Examples of commercially available acrylated 
15 urethanes include "UVITHANE 782" and "UVITHANE 783." both available from Morton 
Thiokol Chemical, and "CMD 6600", "CMD 8400", and "CMD 8805". available from 
Radcure Specialties. 

Acrylated epoxies are diacrylate esters of epoxy resins, such as the diacrylate esters 
of bisphenol an epoxy resin. Examples of conunercially available acrylated epoxies 
20 include "CMD 3500", "CMD 3600", and "CMD 3700", available from Radcure 
Specialties. 

Ethylenically unsaturated compounds include both monomeric and polymeric 
compounds that contain atoms of carbon, hydrogen and oxygen, and optionally, nitrogen 
and the halogens. Oxygen atoms, nitrogen atoms or both are generally present in ether, 

25 ester, urethane, amide, and urea groups. Ethylenically unsaturated compounds preferably 
have a molecular weight of less than about 4,000 and are preferably esters resulting from 
the reaction of compounds containing aliphatic monohydroxy groups or aliphatic 
polyhydroxy groups and unsaturated carboxylic acids, such as acrylic acid, methacrylic 
acid, itaconic acid, crotonic acid, isocrotonic acid, maleic acid, and the like. 

30 Representative examples of acrylates include methyl methacrylate, ethyl methacrylate, 

ethylene glycol diacrylate, ethylene glycol methacrylate, hexanediol diacrylate, triethylene 
glycol diacrylate, trimethylolpropane triacrylate, glycerol triacrylate, pentaerythritol 
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triacrylate, pentaerythritol methacrylate, and pentaerythritol tetraacrylate. Other 
ethylenically unsaturated compounds include monoallyl, polyallyl, and polymethylallyl 
esters and amides of carboxylic acids, such as diallyl phthalate, dialiyl adipate, and N,N- 
diallyladipamide. Still, other ethylenically unsaturated compounds include styrene, 

5 divinyl benzene, and vinyl toluene. Other nitrogen-containing, ethylenically unsaturated 
compounds include tris(2-acryloyl-oxyethyl)isocyanurate, 13,5"tri(2- 
methyacryloxyethyl)-s-triazine, acrylamide, methyl acrylamide, N-methylacrylamide, N,N- 
dimethylacrylamide, N-vinylpyrrolidone, and N-vinylpiperidone. 

The aminoplast can be monomeric or oligomeric. The aminoplast resins have at 

10 least one pendant alpha,beta-unsaturated carbonyl group per molecule. These alpha,beta- 
unsaturated carbonyl groups can be acrylate, methacrylate, or acrylamide groups. 
Examples of such resins include N-hydroxymethyl-acrylamide, N,N - 
oxydimethylenebisacrylamide, ortho and para acrylamidomethylated phenol, 
acrylamidomethylated phenolic novolac, and combinations thereof. These materials are 

15 further described in U.S. Pat. No. 4,903,440 and U.S. Pat. No. 5,236,472. 

Isocyanurate derivatives having at least one pendant acrylate group and isocyanate 
derivatives having at least one pendant acrylate group are further described in U.S. Pat. 
No. 4,652,274. Preferred isocyanurate material is a triacrylate of tris(hydroxy ethyl) 
isocyanurate. 

20 Examples of vinyl ethers suitable for this invention include vinyl ether 

functionalized urethane oligomers, commercially available from Allied Signal under the 
trade designations "VE 4010", "VE 4015", "VE 2010", "VE 2020", and "VE 4020". 

Epoxies have an oxirane ring and are polymerized by the ring opening via a 
cationic mechanism. Epoxy resins include monomeric epoxy resins and polymeric epoxy 

25 resins. These resins can vary greatly in the nature of their backbones and substituent 

groups. For example, the backbone may be of any type normally associated with epoxy 
resins and substituent groups thereon can be any group free of an active hydrogen atom 
that is reactive with an oxirane ring at room temperature. Representative examples of 
substituent groups for epoxy resins include halogens, ester groups, ether groups, sulfonate 

30 groups, siloxane groups, nitro groups, and phosphate groups. Examples of epoxy resins 
preferred for this invention include 2,2-bis[4-(2,3-epoxypropoxy)phenyl]propane 
(diglycidyl ether of bisphenol A) and materials under the trade designation "EPON 828", 
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"EPON 1004" and "EPON lOOlF", commercially available from Shell Chemical Co,, 
"DER-33r', "DER-332" and "DER-334", commercially available from Dow Chemical Co. 
Other suitable epoxy resins include glycidyl ethers of phenol formaldehyde novolac (e.g., 
• "DEN-431" and "DEN-428", conmiercially available from Dow Chemical Co.). The 
5 epoxy resins used in the invention can polymerize via a cationic mechanism with the 
addition of appropriate photoinitiator(s). These resins are further described in U.S. Pat. 
Nos. 4,318,766 and 4,751,138. 

If ultraviolet or visible light is utilized, a photoinitiator is preferably included in the 
mixture. Upon being exposed to ultraviolet or visible light, the photoinitiator generates a 

10 free radical source or a cationic source. This free radical or cationic source then initiates 
the polymerization of the binder precursor. A photoinitiator is optional when a source of 
electron beam energy is utilized. 

Examples of photoinitiators that generate a free radical source when exposed to 
ultraviolet light include, but are not limited to, those selected from the group consisting of 

15 organic peroxides, azo compounds, quinones, benzophenones, nitroso compounds, acyl 
halide, hydrozones, mercapto compounds, pyrylium compounds, triacrylimidazoles, 
bisimidazoles, chloroalkytriazines, benzoin ethers, benzil ketals, thioxanthones, and 
acetophenone derivatives, and mixtures thereof. Examples of photoinitiators that generate 
a free radical source when exposed to visible radiation are described in U.S. Pat. 

20 No. 4,735,632. 

Cationic photoinitiators generate an acid source to initiate the polymerization of an 
epoxy resin or a urethane. Cationic photoinitiators can include a salt having an onium 
cation and a halogen-containing complex anion of a metal or metalloid. Other cationic 
photoinitiators include a salt having an organometallic complex cation and a halogen- 

25 containing complex anion of a metal or metalloid. These photoinitiators are further 

described in U.S. Pat. No. 4,751,138. Another example is an organometallic salt and an 
onium salt described in U.S. Pat. No. 4,985,340; EP 0 306 161 and EP 0 306 162. Still 
other cationic photoinitiators include an ionic salt of an organometallic complex in which 
the metal is selected from the elements of Periodic Groups IVB, VB, VIB, VIIB, and 

30 VmB. This type of photoinitiator is described in EP 0 109 58 1 . 

The cured binder precursor, i.e., the binder, functions to bond the abrasive grains 
together to form a shaped abrasive agglomerate particle. The abrasive grains typically 
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have an average particle size ranging from about 0.5 to 1500 micrometers, preferably from 
about one to about 800 micrometers, and most preferably from about one to about 400 
micrometers. In a preferred embodiment, the abrasive grains have a Mohs hardness of at 
least about 8, more preferably above 9. Examples of materials of such abrasive grains 
include fused aluminum oxide, ceramic aluminum oxide, white fused aluminum oxide, 
heat treated aluminum oxide, silica, silicon carbide, green silicon carbide, alumina 
zirconia, diamond, ceria, cubic boron nitride, garnet, tripoU, or combinations thereof. The 
ceramic aluminum oxide is preferably made according to a sol gel process, such as 
described in U.S. Pat. Nos. 4,314,827; 4,744,802; 4,623,364; 4,770,671; 4,881,951; 
5,01 1,508; and 5,213,591. The ceramic abrasive grain comprises alpha alumina and, 
optionally, a metal oxide modifier, such as magnesia, zirconia, zinc oxide, nickel oxide, 
hafnia, yttria, silica, iron oxide, titania, lanthanum oxide, ceria, neodynium oxide, and 
combinations thereof. The ceramic aluminum oxide may also optionally comprise a 
nucleating agent, such as alpha alumina, iron oxide, iron oxide precursor, titania, chromia, 
or combinations thereof. The ceramic aluminum oxide may also have a shape, such as that 
described in U.S. Pat. Nos. 5,201,916 and 5.090,968. 

The abrasive grain may also have a surface coating. A surface coating can 
improve the adhesion between the abrasive grain and the binder in the abrasive 
agglomerate particle and/or can alter the abrading characteristics of the abrasive grain. 
Such surface coatings are described in U.S. Pat. Nos. 5,01 1,508; 1,910,444; 3,041,156; 
5,009,675; 4,997,461; 5,213,591; and 5,042.991. An abrasive grain may also contain a 
coupling agent on its surface, such as a silane coupling agent. Examples of coupling 
agents suitable for this invention include organo-silanes, zircoaluminates, and titanates. 
Examples of anti-static agents include graphite, carbon black, conductive polymers, 
humectants, vanadium oxide, and the like. The amounts of these materials can be adjusted 
to provide the properties desired. 

The composition for use in this invention can further comprise optional modifying 
additives, such as, for example diluents, antistatic agents, lubricants, pigments, suspending 
agents, coupling agents, grinding aids, fillers, inorganic binder precursors, surfactants or 
combinations thereof. 

In one embodiment, the abrasive grains comprise a single type of abrasive grain, 
two or more types of different abrasive grains, or at least one type of abrasive grain with at 



-13- 



wo 02/32832 PCTAJSOl/31396 

least one type of filler material. Examples of materials for filler include calcium 
carbonate, glass bubbles, glass beads, greystone, marble, gypsum, clay, Si02, Na2 SiF6, 
cryolite, organic bubbles, organic beads, and the like. 

Grinding aids encompass a wide variety of different materials and can be inorganic 
5 or organic. Examples of grinding aids include waxes, organic halide compounds, halide 
salts, and metals and their alloys. The organic halide compounds will typically break 
down during abrading and release a halogen acid or a gaseous halide compound. 
Examples of such materials include chlorinated waxes, such as tetrachloronaphthalene, 
penlachloronaphthalene, and polyvinyl chloride. Examples of halide salts include sodium 

10 chloride, potassium cryolite, sodium cryolite, ammonium cryolite, potassium 

tetrafluoroborate, sodium tetrafluoroborate, silicon fluorides, potassium chloride, and 
magnesium chloride. Examples of metals include tin, lead, bismuth, cobalt, antimony, 
cadmium, iron, and titanium. Other grinding aids include sulfur, organic sulfur 
compounds, graphite, and metallic sulfides. It is also within the scope of this invention to 

15 use a combination of different grinding aids and, in some instances, this may produce a 
synergistic effect. The above-mentioned examples of grinding aids are meant to be a 
representative showing of grinding aids, and it is not meant to encompass all grinding aids. 

Antistatic agents may include graphite, carbon black, conductive polymer particles 
or combinations thereof. 

20 Examples of fillers suitable for this invention include wood pulp, vermiculite, and 

combinations thereof, metal carbonates, such as calcium carbonate, e.g., chalk, calcite, 
marl, travertine, marble, and limestone, calcium magnesium carbonate, sodium carbonate, 
magnesium carbonate; silica, such as amorphous silica, quartz, glass beads, glass powder, 
glass bubbles, and glass fibers; silicates, such as talc, clays (mohtmorillonite), feldspar, 

25 mica, calcium silicate, calcium metasilicate, sodium aluminosilicate, sodium silicate; 

metal sulfates, such as calcium sulfate, barium sulfate, sodium sulfate, aluminum sodium 
sulfate, aluminum sulfate; gypsum; vermiculite; wood flour; aluminum trihydrate; metal 
oxides, such as calcium oxide (lime), aluminum oxide, titanium dioxide, and metal 
sulfites, such as calcium sulfite. 

30 In a preferred embodiment, it is preferred that a filamentary shaped abrasive 

agglomerate particle be capable of breaking down during abrading. The selection and 
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amount of the binder precursor, abrasive grains, and optional additives will influence the 
breakdown characteristics of the particle. 

Examples of inorganic binder precursors suitable for this invention include glass 
powder, frits, clay, fluxing minerals, silica sols, or combinations thereof 

The following examples will further illustrate specific embodiments of the present 
invention. Those of ordinary skill in the art will recognize that the present invention also 
includes modifications and alterations of the embodiments set out in the examples and that 
the illustrative examples do not limit the scope of the claimed invention. 



10 EXAMPLES 

The following abbreviations are used in the examples. All parts, percentages, 
ratios, etc., in the examples are by weight unless otherwise indicated. 
AO: heat treated fused aluminum oxide abrasive grit, conmiercially available 

from Treibacher, Villach, Austria. 
1 5 ASF: amorphous silica filler, commercially available from EteGussa Corp. under 

the trade designation "OX-SO". 
AG321: sol gel-derived alumina-based abrasive grain, commercially available from 
the Minnesota Mining and Manufacturing Company, St. Paul, MN, under 
the trade designation "CUBITRON 321". 
20 CaC03: calcium carbonate filler, commercially available from J.M. Huber Corp., 
Qiiincy, DL. 

CEO: Ceria abrasive particles having an average particle size of about 0.5 

micrometer, commercially available from Rhone Poulenc, Shelton, CT. 
Cer: Ceramic abrasive mineral CCPL commercially available from Treibacher, 

25 Villach, Austria. 

CH: Cumene Hydroperoxide, commercially available from Aldrich Chemical 

Company, Inc Milwaukee, WI. 
CMSK: treated calcium metasiiicate filler, commercially available from NYCO, 

Willsboro, NY under the trade designation "WOLLOSTOKUP". 
30 CRY: cryolite RTN, commercially available from Tarconard Trading a/s, 

Avemakke Nyberg, Denmark. 
EAA: ethylene acrylic acid co-polymer primer for the PET film backing. 
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KBl: 



KBF4: 



PC: 



Perkadox 



10 



15 



20 



PET: 
PH2: 



PH3: 



PRO: 



SCA: 



SGP: 



SiC: 



25 



30 



TATHEIC: 



TMPTA: 



VAZO 52: 



2,2-diniethoxy-l,2-diphenylethanone, commercially available from 
Lamberti S.P.A. (through Sartomer Co.) under the trade designation 
"ESACUREKB 1". 

potassium tetrafluoroborate SPEC 102 and 104, commercially available 
from Atotech USA, Inc., Cleveland, OH. 

Pearless Clay #4, commercially available from R.T, Vanderbilt Co., Inc., 
Bath, SC. 

16S, Di - (4-tert-butylcyciohexyl) peroxy di-carbonate, commercially 
available from AKZO Nobel Chemical, Inc., Chicago, IL. 
5 mil (125 micrometers) thick polyester film backing. 
2-benzyl-2-N,N-dimethy lamino- 1 -(4-morphoIinopheny 1)- 1 - butanone, 
commercially available from Ciba Geigy Corp. under the trade designation 
"IRGACURE 369". 

2-phenyl-2,2-dimethoxyacetophenon, commercially available from Ciba 
Geigy Corp. under the trade designation "IRGACURE 651 
a mixture of 60/40/1 TMPTA/TATHEIC/KBl, conmiercially available 
from Sartomer, Co. 

silane coupling agent, 3-methacryloxypropyl-trimethoxysilane, 
commercially available from Union Carbide under the trade designation 
"A-174". 

alumino-boro-silicate glass powder, -325 mesh, commercially available 
from Specialty Glass Inc., Oldsmar, FL, under the trade designation 
"SP1086". 

Silicon carbide abrasive mineral, commercially available from the 
Minnesota Mining and Manufacturing Company, St. Paul, MN. 
triacrylate of tris(hydroxy ethy])isocyanurate, commercially available from 
Sartomer Co., under the trade designation "SR368". 
trimethylol propane triacrylate, commercially available from Sartomer Co. 
under the trade designation "SR35r\ 

2, 2 - Azo bis (2, 4 - dimethyl pentane nitrile), commercially available from 
DuPont Co., Wilmington, DE. 
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10 



General Procedure For Making Abrasive Agglomerate Precursor Particles Slurry 

In order to form a slurry composition comprising a binder precursor and abrasive 
grains, the components can be mixed together by any conventional technique, such as, for 
example high shear mixing, air stirring, or tumbling. A vacuum can be used on the 
mixture during mixing to minimize entrapment of air. 

A slurry composition is prepared by thoroughly mixing the abrasive grains and 
thermal initiator, if any, into a pre-mix. The pre-mix comprises a binder precursor, which 
includes the ingredients listed in Table 1 (below) or Table lA (below). After mixing, the 
slurry is refrigerated to cool down before any additional process steps are made. The 
slurry compositions are very thick with cement like handling characteristics. The ratios in 
Table 1 and Table 1 A are based upon weight. 



15 



20 



Ingredient % 



PH2 

TMPTA 

TATHEIC 

KBF4 

ASF 

SCA 



0.568 

39.4 

16.89 

39.21 

1.96 

1.96 



Table 1. Composition of premix #1 



25 



30 



Tn^dient 



KBl 

TMPTA 

TATHEIC 

CMSK 

ASF 

SCA 



0.274 

32.874 

21.916 

41.09 

1.1 

2.74 



Table 1 A. Composition of premix #2 



General Procedure For Making Abrasive Agglomerate Particles 
35 In a preferred embodiment, the slurry is processed into abrasive agglomerate 

particles with the aid of a size reduction machine, manufactured by Quadro Engineering 
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Incorporated, model # 197, obtained under the trade designation "QUADRO COMIL". 
Preferably, the size reduction machine ("QUADRO COMIL") is setup with an impeller 
and a fixed spacer. A conical screen with round or square shaped hole openings is used to 
generate the filamentary shape desired. The slurry is added through the hopper of the size 

5 reduction machine ("QUADRO COMIL") while the impeller is spinning at a preset speed 
(rpm). The slurry is forced through the openings in the conical screen by the impellers and 
when a critical length is reached the filamentary shaped agglomerate precursor particle 
separates from the outside of the screen and falls by gravity through a UV curing chamber 
(designed and built by Fusion Company, model # DRE 410 Q) equipped with two 600 

10 watt "d" Fusion lamps set on high power. The filamentary shaped agglomerate precursor 
particles are partially cured by the exposure to the UV radiation and thereby converted 
into a solid handleable form. The filamentary shaped abrasive agglomerate particles may 
be further cured with exposure to thermal energy, microwave energy or additional UV 
energy as desired in the examples below. 

15 

General Procedure For Making Coated Abrasive Article Using Abrasive 
Agglomerate Particles 

The abrasive articles employing the abrasive agglomerate particles of the present 
invention were made by applying a 12 mil (031 nmi) coating of a premix (made from 

20 Table 1 ) to a 5 mil (0. 1 3 mm) film of PET with a 0.8 mil (20 micrometers) EAA prime. 
The abrasive agglomerate particles were poured onto the coated film and the abrasive 
agglomerate particles were tumbled on the coated web until a uniform coating was 
achieved. The excessive abrasive agglomerate particles were removed by shaking the 
coated web until all the excess particles fall off. The coated sample was taped to a metal 

25 plate and exposed to UV and visible light by being passed 3 times under a 600 watt "D" 
Fusion lamp set on high power at 30 FPM (9.1 m/min.). The cured sample was flexed 
over a 2-inch (5.1 cm) bar. Next the abrasive article was size coated with the premix 
(made from Table 1) and applied with a paint bush. The excess size was removed by 
adsorbing into a paper towel. An air stream is applied to spread the size coat more 

30 uniformly. Running the sample under the UV lamp for an additional 3 passes at 30 FPM 
(9.1 m/min.) then cures the sized sample. The cured abrasive article is again flexed over a 
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two-inch (5.1 cm) bar. The samples are cut to size for testing according to the rocker 
drum test, test procedure described below. 

Test Procedures 

5 Rocker Drum Test 

Flexed abrasive articles are converted into 10 inch by 2.5 inch (25.4 cm by 6.4 cm) 
sheets. These samples were installed on a cylindrical steel drum of a testing machine, 
which oscillates (rocks), back and forth in a small arc. A 1018 carbon steel workpiece, 
3/16 inch (0.48 cm) square, was fixed in a lever arm arrangement above the abrasive 

10 sample, and load of 8 lb (3.6 kg) was applied to the workpiece. As the abrasive article 
rocked back and forth, the workpiece was abraded, and a 3/16 inch by 5.5 inch (0.48 cm 
by 14 cm) wear path was created on the abrasive article. There were approximately 60 
strokes per minute on this wear path. A compressed air stream (20 psi (137 KPa)) was 
directed onto the sample to clear grinding swarf and debris from the wear.path. The 

15 amount of steel removed after 1000 cycles (one cycle being one back-and-forth motion) 
was recorded as the interval cut, and the total cut was the cumulative amount of steel 
removed at the endpoint of the test. 

Crush Test 

20 Approximately 5 grams of abrasive agglomerate particles are placed in a Dixie cup 

and crushed by hand to reduce the length, if initially shaped as filaments. The crushed 
abrasive agglomerate particles are poured onto a glass plate. Only samples that were less 
than 100 mils (2.5 mm) in length were crushed. The crush tester used was a Chatillon 
Model DPP-25 force gauge equipped with a flat compression fitting. The force gauge 

25 reads from 0-25 pounds (0-11.3 kilograms). The flat compression foot of the force 

gauge was placed in a horizontal position above the particle to be crushed and a constant 
force was applied by hand until the particle broke (audible sound and/or feel). The force 
required to break the particle was recorded and the test was repeated on eleven other 
samples. The Crush Test values listed in the tables are the average forces to break twelve 

30 particles of the experimental formulations. 
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Examples 1-5 

The abrasive agglomerate particles of Example 1 were prepared by thoroughly 
mixing 900 grams of the premix composition in Table 1 (above) with 2.2 grams of CH and 
3450 grams P-120 AO mineral under low shear. The slurry was processed through the 
5 size reduction machine ("QUADRO COMIL") set up with a 45 mil (1.14 mm) round 
conical screen spaced at 75 mil (1.9 mm) with a small round impeller running at 1601 
RPM. The abrasive agglomerate precursor particles dropped by gravity through the UV 
curing chamber to form abrasive agglomerate particles. The abrasive agglomerate 
particles were further cured for 4 minutes in a microwave oven at 1000 watts. The 

10 abrasive agglomerate particles were size reduced by running them once through the size 
reduction machine ("QUADRO COMIL") set up with a grater screen (opening size 94 
mils (2.4 mm)), a .05 inch (1 .3 mm) spacer and reverse cutter square impeller at 1601 
RPM. The size reduced abrasive agglomerate particles were then made into an abrasive 
article according to the procedure for making an abrasive article for rocker drum testing. 

IS The rocker drum cut results for Example 1 are shown in Table 2, below. 

The Examples 2-5 were made by the same procedure as Example 1 except for the 
following changes: the abrasive agglomerate particles were not further cured in a 
microwave oven, but in a thermal oven for 7 hours at 230 °F (1 10 °C). Example 2 was 
size reduced by being passed three times through a 125-mil (3.18 mm) grater screen. 

20 Example 3 was size reduced by being passed two times through a 94-mil (2.4 mm) grater 
screen. Example 4 was size reduced by being passed one time through a 79-mil (2 mm) 
grater screen. Example 5 was size reduced by being passed one time through a 62-mil (1.6 
mm) grater screen. 

Comparative example A is a conunercially available product from VSM, 

25 (Hannover, Germany) under the product code P-120 KK712. 



-20- 



wo 02/32832 



PCT/USOl/31396 



Table 2 



Example 


Rocker Drum 


L-Ul, 




Cycles 


grams 


1 


1000 


0.74 




2000 


0.68 




3000 


0.55 




4000 


0.46 




5000 


0.26 


Comparative A 


1000 


0.73 




2000 


0.74 




3000 


0.70 




4000 


0.63 




5000 


0.37 


2 


1000 


0.76 




2000 


0.80 




3000 


0.76 




4000 


0.70 


3 


1000 


0.79 




2000 


0.83 




3000 


0.79 




4000 


0.70 


4 


1000 


0.76 




2000 


0.84 




3000 


0.83 




4000 


0.61 


5 


1000 


0.70 




2000 


0.78 




3000 


0.74 




4000 


0.62 



The dry Rocker Drum Test results shown in Table 2 (above) show that when 
35 abrasive agglomerate particles are made using the method of the present invention and are 
used in an abrasive article, they provide grinding results on mild steel that are comparable 
to a commercially available coated abrasive product that contained abrasive agglomerated 
particles with the same mineral grade. The results in Table 2 (above) also suggest that the 
size of the abrasive agglomerate particles generated by the size reduction step have an 
40 influence on grinding performance. 
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Examples 6-10 

The abrasive agglomerate particles of Examples 6-10 were prepared by thoroughly 
mixing 630 grams of the premix composition in Table 1 (above) with 1.8 gram of CH and 
2415 grams P-120 AO mineral under low shear. 

The slurry was processed through the size reduction machine ("QUADRO 
COMIL") which was set up with conical screens of various sizes and shapes listed in 
Table 3 (below) and spaced at 75 mil (1.9 mm) with a small round impeller running at 
1601 RPM. After passing through the UV cure chamber, the abrasive agglomerate 
particles were further cured in a thermal oven for 6 hours at 350 ®F (177 °C). The 
abrasive agglomerate particles were size reduced by running them once through the size 
reduction machine ("QUADRO COMIL**) equipped with a grater screen opening size 74 
mils (1.9 mm), a 50 mil (1.3 mm) spacer and reverse cutter square impeller running at 300 
RPM. The size reduced abrasive agglomerate particles were then made into an abrasive 
article according to the procedure for making an abrasive article for rocker drum testing. 
The dry Rocker Drum Test results for Examples 6-10 are shown in Table 3 (below). 
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Table 3 



10 



15 



20 



25 



30 



Example 


Rocker 


Cut, 


Screen 


Crush 


Dnim 


grams 


Description 


Strength, 




Cycles 






lbs. (k^ 


6 


1000 


0.75 


Square/ 62 mil (1.6 mm)/ 37 mil (0.94 mm) thick 


10.4(4.7) 




2000 


0.71 








3000 


0.64 








4000 


0.58 








5000 


0.44 






7 


1000 


0.78 


Round/ 45 mil (1 . 1 mm) dia7 3 1 mil (0.8 mm) thick 


9.3 (4.2) 




2000 


0.74 








3000 


0.65 








4000 


0.60 








5000 


0.37 






8 


1000 


0.74 


Round/ 62 mil (1 .6 mm) dia./ 37 mil (0.9 mm) thick 


11.4(5.2) 




2000 


0.70 








3000 


0.67 








4000 


0.60 








5000 


0.40 






9 


1000 


0.76 


Round/ 32 mil (0.8 mm) dia. / 25 mil (0.6 mm) thick 


9.5 (4.3) 




2000 


0.77 








3000 


0.76 








4000 


0.70 








5000 


0.64 








6000 


0.54 






10 


1000 


0.76 


Round/ 75 mil (1.9 mm) dia. / 37 mil (0.9 mm) thick 


3.9(1.8) 




2000 


0.66 








3000 


0.56 








4000 


0.47 








5000 


0.41 







35 The dry Rocker Drum Test results shown in Table 3 indicate that the unit cross . 

sectional area of the abrasive agglomerate particles affects the cut rate over the life of the 
particle. It also Indicates that acceptable levels of performance can be achieved with other 
shapes as demonstrated by the results of the abrasive agglomerate particles made with the 
square screen. Looking at the cross sectional area of the abrasive agglomerate particles 

40 under a microscope indicates that the square screen made abrasive agglomerate particles 
with a square unit cross section and the round screen made abrasive agglomerate particles 
with a round unit cross section. 
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Examples 11-15 

Examples 1 1-1 S were made the same as Example 6 except the amount of premix 
was changed for Examples 12-15 to study the effect of mineral loading on making 
abrasive agglomerate particles with the method of this invention. Instead of 630 grams of 
premix used in Example 6 and 1 1,609 grams was used for example 12,579 grams for 
example 13,670 grams for Example 14 and 548 grams for Example 15. 

The following changes were made on the size reduction machine ("QUADRO 
COMIL") for these examples. The large round impeller blade with a 125 rail (3.2 mm) 
spacer run at 350 RPM was used to make abrasive agglomerate particles. The results are 
in Table 4, below. 



Table 4 



Example 



Rocker Drum 
Cycles 



Cut, 
grams 



Crush 

Strength, lbs, (kg) 



11 



1000 
2000 
3000 
4000 
5000 
1000 
2000 
3000 
4000 
5000 
1000 
2000 
3000 
4000 
5000 
1000 
2000 
3000 
4000 
5000 
1000 
2000 
3000 
4000 
5000 



0.70 
0.66 
0.64 
0.52 
0.49 
0.74 
0.68 
0.59 
0.51 
0.38 
0.72 
0.70 
0.60 
0.54 
0.46 
0.68 
0.66 
0.56 
0.50 
0.40 
0.72 
0.74 
0.67 
0.54 
0.51 



8.9 (4) 



12 



9.0(4.1) 



13 



8.9 (4) 



14 



8.3 (3.8) 



15 



8.3 (3.8) 
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The size reduction machine ("QUADRO COMDL'') was able to process Examples 
1 1-15, but the mineral loading affected the amount of abrasive agglomerate particles that 
adhered together and were cured together by the UV lamps. Example 14, which had the 
5 lowest mineral loading, had as many as 8 -10 individual abrasive agglomerate particles 
adhered together and were cured together by the U V curing step. By comparison. 
Example 15, which had the highest mineral loading, did not have any abrasive 
agglomerate particles adhere and cure together. Examples 11-13 had varying amounts of 
abrasive agglomerate particles adhered and cured together, usually about 2 or 3. The 
10 adhered/cured abrasive agglomerate particles were very easy to separate except in the case 
of Example 14. The dry Rocker Drum test results listed in Table 4 (above) also indicate 
that the mineral loading does affect the cut rate over the length of the test. 

The coated abrasive articles of Examples 1-15 were made with an all UV cure 
make and size system. 

15 

Examples 16-20 

Examples 16-20 were run to show that other mineral types and sizes could be 
processed through the size reduction machine ("QUADRO COMIL"). Table 5 (below) 
lists the formulations for examples 16-20. These slurries were mixed according to the 

20 procedure for Example 1 . Example 1 8 had an additional 364 grams of KBF4 and Example 
20 had 165 additional grams of KBF4 added to the formulation. Examples 16 and 18 were 
thermal cured for 7 hours at 230 "^F (1 10 °C). Example 18 also was cured for 2 minutes in 
a microwave oven. All of the examples in Table 5 easily processed through the size 
reduction machine ("QUADRO COMIL") using a 45 mil (1.14 mm) round conical screen 

25 with a small round impeller running at 1601 rpm. However, some of the abrasive 

agglomerate particles generated in Examples 17 and 20 adhered together after UV curing. 
As a remedy, the viscosity of the slurry needs to be adjusted upwards so the abrasive 
agglomerate particles do not stick together. Abrasive articles were made according to the 
procedure for making rocker drum samples and were tested using the dry Rocker Drum 

30 Test, These results are shown in Table 6, below. 
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Table 5 



5 Example Mineral Mineral Premix, CH, Cab-O-sil, 
Grade/grams Type grams grains grams 

16 P-180/2700 AO 900 2.2 15 

17 P-2000/2000 AO 900 2.3 

10 18 P-120/2435 SiC 546 2.5 12 

19 P-120/3500 Cer 900 2.2 

20 P-80/2820 AO 900 2.8 15 



Table 6 

15 

Example Rocker Drum Cut, Crush 

Cycles . grams Strength, 

lbs, (kg) 



20 


16 


1000 


0.56 


NA 






2000 


0.63 








3000 


0.61 








4000 


0.56 








5000 


0.48 




25 


17 


1000 


0.08 


7.8 (3.5) 






2000 


0.08 








3000 


0.06 








4000 


0.06 








5000 


0.06 




30 


18 


1000 


0.51 


NA 






2000 


0.48 








3000 


0.43 






19 


1000 


0.71 


10.8 (4.9) 






2000 


0.71 




35 




3000 


0.72 








4000 


0.72 








5000 


0.72 






20 


1000 


0.80 


8.8 (4) 






2000 


0.56 




40 




3000 


0.34 
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Example 17 demonstrates that very small abrasive minerals, grade P-2000, can be 
processed with formulations described in this invention. Example 20 demonstrates that 
very large abrasive minerals, grade P-80, can be processed with formulations described in 
this invention. Examples 18 and 19 demonstrate that other types of minerals can be 
5 processed with formulations of this invention. 

The abrasive agglomerate particles of example 18 were used to make a coated 
abrasive belt. The backing used was a 65/35 polyester/cotton open end twill fabric having 
a base weight of 228 g/m^ (supplied by Millken & Co., Lagrange, GA) was dye coated and 
dried. The cloth was then saturated with a solution of acrylic latex (obtained from B.F. 

10 Goodrich Corp. under the trade designation "HYCAR 2679") and phenolic resin (obtained 
from Georgia Pacific Co. under the trade designation "GP 387-D5 1") to give an 85/15 
acrylic/phenolic dried coating weight of 38 g/m^. The twill side is then coated with a 
solution of phenolic resin (obtained from Ashland Co. under the trade designation 
"AROFENE 72155"), #4 clay kaolin and nitrile latex (obtained from B.F. Goodrich Co. 

15 under the trade designation "HYCAR 1581"), to give a 50/35/15 phenoHc/clay/nitrile 
dried coating weight of 38 g/m^. Sixty grains (3.9 grams) of a conventional calcium 
carbonate filled water based phenolic make resin was applied and 73 grains (4.7 grams) of 
the abrasive agglomerate particles of example 18 were drop coated onto the make coated 
backing. This was pre-cured for 30 minutes at 175 °F (80 °C) and 90 minutes at 200 ""F 

20 (93 ^'C). The pre-cured coating was size coated with 1 10 grains (7. 1 grams) of 82% solids, 
water based epoxy resin that contained potassium tetrafluoroborate grinding aid dispersed 
therein. The size coat was cured for 60 minutes at 175 °F (80 °C) and 120 minutes at 
195 °F (91 °C). The cured product was full flexed over a 3/8-inch (9.5 mm) rod. The full 
flexed coated abrasive article was converted into 3 inch by 132-inch (7.6 cm by 3.35m) 

25 belts using standard splicing methods. The belts were tested by grinding a 1 inch by 7 
inch (2.5 cm by 17.8 cm), titanium workpiece on a Robot using a 14 inch (35.6 cm) 
diameter, 1 : 1 45 degree serration, 90 shore A hardness wheel run at 1,300 RPM at both 5 
and 10 pounds (2.27 and 4.54 kilograms) normal force. The belts were tested for 20 
minutes and cut was recorded at each 60-second interval. The control belt was a 

30 commercially available from the Minnesota Mining and Manufacturing Company, St. Paul 
MN, under the trade designation "P-120 421 A". The robot test results are shown in Table 
7, below. 
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Table 7 

Comparison of titanium grinding results for example 18 coated abrasive belt and a 
commercially available conventionally coated abrasive belt in grade P-120. 



Sample Grinding force. Total Cut, Total Cut, 

LbsVnormal grams % of P-120 421 A 
(kg/normal) 

P-120 421 A 3.8-5.5(1.7-2.5) 21.4 100 

Example 18 3.8-5.5 (1.7 - 2.5) 29.7 139 

P-120421A 9.0-11(4.1-5.0) 39.4 100 

Example 18 9.0-11 (4,1 - 5.0) 67.0 170 



The robot grinding results shown in Table 7 (above) show that the belts made with 
the abrasive agglomerate particles of the present invention remove more titanium than a 
conventional abrasive belt at two typical grinding forces. For the construction tested, the 
abrasive article of the present invention performed better (removed more titanium) when 
the normal force was higher. 

Examples 21-23 

Example 21 was made as follows: a uniform coating of a 52:48 by weight calcium 
carbonate filled phenolic make resin was applied to a 50VX backing on a draw-down 
apparatus (supplied by Paul N. Gardner Co., Pompano Beach, FL, under the trade 
designation "ACCU-LAB") using a #60 wire-wound rod to give a coating weight of 676 
g/m^; the 50VX backing is described as a 35/19 20/28 100% cotton twill 2/1 backing, with 
a base weight of 390-400g/m^, supplied by Vereingte Schmirgel und Maschinen Fabriken 
AG, Hanover, Germany; the abrasive agglomerate particles were poured onto the wet 
make resin and rolled back and forth several times to provide a fully loaded, evenly 
distributed, coating of abrasive agglomerate particles on the backing. Excess abrasive 
agglomerate particles were shaken off and the coated material heated in a forced air oven 
at 180 (82 °C) overnight. A 52:48 by weight calcium carbonate-filled phenolic size 
resin was then applied uniformly by hand with a paint brush. Sized samples were heated 
for 1 hour at 180 °F (82 ^^C), and then cured for two hours at 200 °F (93 ^'C), followed by 
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30 minutes at 220 (104 **C) and one hour at 245 *1F (1 18 °C). After curing the coated 
abrasive samples were flexed over a 2" (5cm) diameter bar. Example 22 was made 
according to Example 21 except for using a #36 wire-wound rod to give a make resin 
coating weight of 493 g/m^. Example 23 was made according to Example 21 except for 
5 using a #52 wire-wound rod to apply the make resin, to give a coating weight of 614 g/m^. 

Examples 21-23 were run to show that conventional phenolic based make and size 
resins can be used with the abrasive agglomerate particles to bind them to a cloth backing 
to make an abrasive article. The abrasive agglomerate particles were made the same as 
Example 19. The dry Rocker Drum test results are shown in Table 8. below. The results 
10 in Table 8 (below) compare favorably with the Comparative Example A for both cut rate 
and life. These results indicate that the abrasive agglomerate particles can be used with 
many combinations of traditional abrasive make and size resin systems as well as radiation 
curable make and size resin systems. 



15 Table 8 





Example 


Rocker Drum 
cycles 


Cut, 
grams 




21 


1000 


0.68 


20 




2000 


0.72 






3000 


0.68 






4000 


0.66 






5000 


0.59 






6000 


0.55 


25 




7000 


0.50 




22 


1000 


0.70 






2000 


0.63 






3000 


0.72 






4000 


0:67 


30 




5000 


0.62 






6000 


0.54 






7000 


0.42 




23 


1000 


0.68 






2000 


0.72 


35 




3000 


0.70 






4000 


0.68 






5000 


0.64 






6000 


0.58 






7000 


0.56 


40 




,8000 


0.52 
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Examples 24-27 

Examples 24-27 were prepared to demonstrate the versatility of this invention. 
5 These examples were made by the same general process as that used to make example 1 1 . 
Example 24 had 2160 grams of premix in Table lA (above), 6 grams CH, 28.8 grams M5 
and 6450 grams P- 180 AO and was mixed in a 5 quart (4.73 liters) Hobart mixer on speed 
one. Example 25 had 680 grams of premix in Table 1 (above), 1.8 gram CH, 2770 grams 
P-120 AO and 274 grams PC. Example 26 had 680 grams of premix in Table 1 (above), 

10 1.8 gram CH, 2590 grams P120 AO and 457 grams P-180 green silicon carbide. Example 
27 had 1 188 grams of SR351, 12 grams of KBl and 5000 grams of 0.5 micrometer 
cerium oxide. The crush strength of the abrasive agglomerate particles made in examples 
24 - 27 are shown in Table 9, below. These examples were further cured in an oven for 6 
hours at 350 T (177 ^C) except Examples 25 and 26, which were further cured in a 

15 vacuum oven at 24 inches (61 cm) of Mercury for one hour. Table 9 (below) shows the 
crush strength of Examples 24-27, 



Table 9 



25 



Example 


Crush Strength, lbs. (kg) 


24 


16.2 (7.4) 


25 


1.9(0.9) 


26 


6.0 (2.7) 


27 


10(4.5) 



Examples 28-31 

Example 28 was mn to demonstrate that another type of machine can be used to 
force a composition through a perforated substrate to make the abrasive agglomerate 
30 precursor particles of the present invention. The abrasive agglomerate particles of 

Example 28 were prepared by thoroughly mixing 2160 grams of the premix composition 
in Table 1 (above) with 6 grams CH and 8280 grams of P-120 AO mineral under low 
shear. The slurry was processed through a wiper bar rotor sizing screen machine equipped 
with a 65 nGul (1.65 mm) round opening and a 1/16 inch (1.6nMn) gap between the screen 
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and the wiper blade. The abrasive agglomerate precursor particles formed were collected 
in a tray and irradiated with a 600 watt Fusion D bulb lamp at 30 FPM (9.1 m/min.) to 
provide abrasive agglomerate particles. The abrasive agglomerate particles were further 
cured in a thermal oven for 6 hours at 350 °F (177 °C). The crush strength of the cured 

5 filament was 15.9 pounds (7.2 kilograms). 

Examples 29 and 30 were run to show that other thermal initiators could be used to 
further cure the abrasive agglomerate particles, made by the present invention, in a thermal 
oven. The slurry formulation was the same as that in Example 28 except Example 29 used 
6 grams of Vazo 52 and Example 30 used 6 grams of Perkadox 16S instead of the CH 

10 initiator used in Example 28. The slurry was processed through the size reduction machine 
("QUADRO COMIL") using a 45 mil (1.14 micrometers) round screen, a solid impeller 
running at 350 RPM, a collar and a 225 mil (5.7 nmi) spacer. After irradiation, the 
abrasive agglomerate particles were further cured in a thermal oven for 6 hours at 350 ^'F 
(177 °C). The crush strength for Example 29 was 15 pounds (6.8 kilograms) and 1 1 

15 pounds (7.2 kilograms) for Example 30. 

Example 31 was made according to the process for Example 29 except that the 
abrasive agglomerate particle was further cured in hot water (195 ®F (91 °C) for 1 hour. 
The crush strength of the further cured abrasive agglomerate particle was 1 1 pounds (5 
kilograms). This example shows that sources of themial energy, other than ovens, can be 

20 used in further curing steps. 

Examples 32 and 33 

Inorganic aggregate precursor agglomerate particles were made in Examples 32 
and 33. Slurries were prepared as described in the "General Procedure For Making 
25 Agglomerate Precursor Particles Slurry," using grade #60 AG321 abrasive grain and SOP 
glass powder. The slurry formulation is listed in Table 10, below. 
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Table 10 



Material 


Example 32 


Example 33 




Quantity, g 


Quantity, g 


TMPTA 


891 


594 


KBl 


9.0 


6.0 


CH 


4.0 


4.0 


SGP 


2120 


1509 


#60 AG321 


3180 


4527 


Total inorganic solids content 


86 wt. % 


91 wt. % 



5 The SGP and AG321 were premixed by hand in a plastic container then added 

slowly into the resin mixture of TMPTA, KBl, and THL A 12-quart (1 1.4 liters) Hobart 
mixer. Model A120T was used with a flat beater rotor. The mixer was run at the slowest 
speed setting during addition of the SGP/AG321 mixture. The speed was then increased 
to "medium** after all ingredients were added, and mixing was continued for 25 minutes. 
10 The final temperature of the mixtures was in the range of approximately 100 **F (38 °C) to 
120 °F (49 °C). 

Inorganic aggregate precursor agglomerate particles were made as described in the 
"General Procedure For Making Agglomerate Particles.*' The size reduction machine 
("QUADRO COME.") was set up with a small round impeller at 0.075'* (1.9 mm) 

15 spacing, and conical screen with 0.062" (1 .6 mm) round, grater-type holes, and the drive 
motor speed was set at 470 rpm. After the inorganic aggregate precursor agglomerate 
particles were made according to the present invention, they were placed in aluminum 
pans and further cured in a forced-air oven for 6 hours at 350 °F (177 °C). The aggregate 
precursor agglomerate particles were resized with one additional pass through the size 

20 reduction machine ("QUADRO COMIL") using a 0.075" ( 1 .90 mm) spacer and a 0,094" 
(2.39 mm) grater screen. The resized particles were screened, and the size fraction that 
passed through a #24 mesh screen (-24 mesh) was separated from the fraction that was 
retained on a #24 mesh screen (+24 mesh). The +24 mesh particle fraction was collected, 
and the strength of the aggregate precursor agglomerate particles was measured using the 

25 Crush Test. 

The average crush strength for particles of Example 32 was 20.2 pounds (9.2 kg). 
The average crash strength for particles of Example 33 was 1 1.4 pounds (5.2 kg). 
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Example 34 and Comparative Examples B and C 

Examples 34 and Comparative Examples B and C demonstrate the efficacy of the 
abrasive particles of the present invention when incorporated into abrasive nonwoven 
surface conditioning articles. 

Example 34 

A nonwoven fabric "prebond" was prepared by coating via a roll coater a 201 g/m^ 
air-laid web of 70 denier x 2 inch (78 dtex x 51 mm) nylon 6,6 staple fiber with 71 g/m^ 
(dry) of a resole phenolic binder precursor consisting of 63.4 parts resole phenolic resin 
(70% solids in water), 1. 10 parts NaOH (50% in water), and 35.5 parts water. The coaled 
web was heated in an oven set at 154 **C for 4 niinutes, cooled, and collected via a winder. 

The prebond was then cut into 0.155 meter square sections and roll coated to 
achieve a wet add-on of 536 g/m^ with a "make coating" consisting of 13.6 parts resole 
phenolic resin (70% in water), 1.9 parts hydroxyethyl ethylene urea (75% in water) 
(obtained under the trade designation "SR 51 1 A", from Sartomer Incorporated, Exton, 
Pennsylvania), and 7.9 parts calcium carbonate (obtained under the trade designation 
"HUBERCARB Q325", from J. M. Huber Corporation, Quincy, Illinois). Grade P80. 
abrasive agglomerates prepared according to the present invention were then applied to the 
wet make coating via drop coating technique to achieve a dry add-on of 1463 g/m^. The 
abrasive particle coated web was then passed through a forced convection oven 
maintained at 176.7 °C for 1 minute to at least partially cure the composition. 

A "size coating" was then applied to achieve a dry add-on of 1045 g/rrr consisting 
of 13.6 parts poiyurethane prepolymer (obtained under the trade designation "ADIPRENE 
BL-16", from Uniroyal Chemical Limited, Elmira, Ontario, Canada), 14.08 parts 
propylene glycol monomethyl ether (obtained under the Urade designation "POLYSOLV 
MPM", from Lyondell Chemical Company, South Charleston, West Virginia), and 12.56 
parts of a premix (consisting of 31.7% epoxy prepolymer (obtained under the trade 
designation "EPON 828", from Shell Oil Company, Houston, TX), 28.3% isophorone 
diamine (Degussa-Huls Corporation, Ridgefield Park, NJ), 40% propylene glycol 
monoethyl ether acetate (obtained under the trade designation "PM ACETATE", from 
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Arco Chemical Company, Houston, TX). The size coating was partially dried by passing 
the composition through an oven set to achieve a temperature of 79 ^C for 4 minutes. 

Nine 0.155 m square sections of partially dried size resin-coated web, with the 
same type size resin, were assembled and the assembly placed in a platen press, 
compressed to 2.54 cm to produce an abrasive slab. This abrasive slab was cured in a 
convection air oven at 104 °C for 60 minutes and then at 129 for 240 minutes. After 
allowing the cured slabs to cool to room temperature, wheels having a 20 cm diameter and 
3,0 cm center hole were die cut from the 2.64 mm thick slabs. 

Comparative Example B 

Comparative example B was prepared identically to Example 34 with the 
exception that the abrasive particles were grade P80 abrasive agglomerates prepared 
according to the teachings of U.S. Pat. No. 4,652,275 (Bloecher). 

Comparative Example C 

Comparative Example C was a commercial deburring wheel available from the 
Minnesota Mining and Manufacturing Company, St. Paul, MN, under the trade 
designation "SCOTCH-BRTTE 9S FINE EX2". The Comparative Example C differed 
from &cample 34 and Comparative Example B in that it was a 12 inch (30.5 cm) diameter 
wheel. 

Testing 

The abrasive wheels according to Example 34 and Comparative Examples B and C 
were tested by urging (by hand under moderate pressure) a pre-weighed rectangular bar of 
cold rolled steel (18.5 cm x 2 cm x 1.25 cm) against the wheels to be evaluated (such that 
the comer of the bar defined by the intersection of the 2 cm and 1 .25 cm dimensions was 
presented) with the test wheels being rotated at surface speed of 3665 surface feet per 
minute (18.7 m/sec) for one minute, weighing the bar a second time, and reporting the 
difference. The test was repeated with a new bar, but with the wheel rotating at 5500 
surface feet per minute (27.9 m/sec). The results are shown in Table 11, below. The 
inventive example demonstrates superior cutting rates over those of the comparative 
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examples. For Comparative Example C, the lower speed test could not be completed since 
the wheel was of larger diameter. 

Table 11 

5 



Example 


Cut rate at 18.7 m/sec, g 


Cut rate at 27.9 m/sec, g 


34 


1.2 


1.2 


Comparative B 


0.3 


0.6 


Comparative C 


Not determined 


0.9 
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We Claim: 

1 . A coated abrasive article comprising: 

(a) a backing; 

(b) at least one layer comprising a plurality of abrasive agglomerate 
particles that comprise abrasive grains and a binder formed from a 
radiation curable polymerizable binder precursor, wherein the abrasive 
agglomerate particles have a substantially constant cross-sectional area 
and a crush strength greater than 1 pound, and wherein the shaped 
abrasive agglomerate particles are randomly disposed on the backing; 
and 

(c) a bonding medium which serves to adhere the abrasive agglomerate 
particles to the backing. 

2. A coated abrasive article according to claim 1, wherein the backing is 
comprised of paper, nonwoven substrates, woven substrates, polymeric film, primed 
polymeric film, vulcanized fibers, or combinations thereof. 

3. A coated abrasive article according to claim 1 , wherein the binder precursor 
further comprises a free radical initiator. 

4. A coated abrasive article according to claim 1, wherein the plurality of 
abrasive grains comprise from 5 to 95% by weight of the composition of the abrasive 
agglomerate particles. 

5. A coated abrasive article according to claim 1, wherein the plurality of 
abrasive grains comprise from 40 to 95% by weight of the composition of the abrasive 
agglomerate particles. 

6. A coated abrasive article according to claim 1 , wherein the bonding 
medium comprises a resinous adhesive. 
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7. A coated abrasive article according to claim 1, further comprising 
individual abrasive grains bonded to the backing by means of the bonding medium. 

8. A coated abrasive article according to claim 7, wherein the individual 
abrasive grains are disposed over the abrasive agglomerate particles. 

9. A coated abrasive article according to claim 7, wherein the individual 
abrasive grains are disposed underneath the abrasive agglomerate particles. 

10. A coated abrasive article according to claim 7, wherein the individual 
abrasive grains are disposed between the abrasive agglomerate particles. 

11. A coated abrasive article according to claim 7, further comprising a second 
bonding medium applied over the abrasive agglomerate particles and the individual 
abrasive grains. 

12. A method for making abrasive agglomerate particles comprising the steps 

of: 

(a) forcing a composition comprising a radiation curable polymerizable 
binder precursor and a plurality of abrasive grains through a perforated 
substrate to form abrasive agglomerate precursor particles; 

(b) separating the abrasive agglomerate precursor particles from the 
perforated substrate; and 

(c) irradiating the abrasive agglomerate precursor particles wherein 
radiation energy is transmitted from a radiation energy source to the 
abrasive agglomerate precursor particles to at least partially cure the 
binder precursor to provide abrasive agglomerate particles. 

13. A method according to claim 12, wherein the abrasive agglomerate 
particles are collected after the irradiation step. 
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14. A method according to claim 12, wherein the irradiation step comprises a 
step of passing the abrasive agglomerate precursor particles into a first curing zone that 
contains the radiation source. 

15. A method according to claim 12, wherein the abrasive agglomerate 
particles are passed through a second curing zone, wherein energy is transmitted from an 
energy source to the abrasive agglomerate particles to further cure the abrasive 
agglomerate particles. 

16. A method according to claim 15, wherein a size reduction step is performed 
on the abrasive agglomerate particles after being passed through the second curing zone. 

17. A method according to claim 15, wherein the energy source comprises 
electron beam, ultraviolet light, visible light, microwave, laser light, thermal or 
combinations thereof. 

18. A coated abrasive article according to either of claims 1 or 6, or a method 
according to claim 12, wherein the binder precursor comprises epoxy resins, acrylated 
urethane resins, acrylated epoxy resins, ethylenically unsaturated resins, aminoplast resins 
having pendant unsaturated carbonyl groups, isocyanurate derivatives having at least one 
pendant acrylate group, isocyanate derivatives having at least one pendant acrylate group 
or combinations thereof. 

19. A coated abrasive article according to claim 1 or a method according to 
claim 12, wherein the abrasive agglomerate particles are filamentary shaped and have a 
length ranging from about 10 to about 1500 micrometers. 

20. A coated abrasive article according to clciim 1 or a method according to 
claim 12, wherein the length of the abrasive agglomerate particles is in a range from about 
20 to about 800 micrometers. 
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21 . A coated abrasive article according to claim 1 or a method according to 
claim 12, wherein the length of the abrasive agglomerate particles is in a range from about 
50 to about 400 micrometers. 

22. A method according to claim 12, wherein the abrasive agglomerate 
particles have a substantially constant cross-sectional shape. 

23. A coated abrasive article according to claim 1 or a method according to 
claim 22, wherein the cross-sectional shape comprises circles, polygons or combinations 
thereof. 

24. A method according to claim 12, wherein the abrasive agglomerate 
precursor particles further comprise a modifying additive. 

25. A coated abrasive article according to claim 1 or a method according to 
claim 24, wherein the modifying additives comprise diluents, antistatic agents, lubricants, 
pigments, suspending agents, coupling agents, grinding aids, fillers, inorganic binder 
precursors, surfactants or combinations thereof 

26. A method according to claim 12, wherein the step of forcing the 
composition through the perforated substrate to form the abrasive agglomerate particles 
comprises methods of extrasion, milling, or calendering. 

27. A method according to either of claims 12 or 14, wherein the radiation 
source comprises electron beam, ultraviolet light, visible light, laser light or combinations 
thereof. 

28. A method according to claim 12, wherein the process components in steps 
(a), (b), and (c) are spatially oriented in a vertical and consecutive manner. 

29. A method according to claim 12, wherein steps (a), (b), and (c) are 
performed sequentially and continuously. 
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30. A method according to claim 12, wherein the plurality of abrasive grains 
comprise from 5 to 95% by weight of the composition. 

5 3 1 . A method according to claim 30, wherein the plurality of abrasive grains 

comprise from 40 to 95% by weight of the composition. 

32. A method according to claim 12, wherein said composition is 100% solids. 

10 33. A method according to claim 12, wherein a size reduction step is performed 

on the abrasive agglomerate particles after the irradiation step. 

34. A method according to either of claims 16 or 33, wherein the size reduction 
step comprises the methods of milling, crushing and tumbling. 

15 

35. A coated abrasive article according to claim 1 or a method according to 
claim 12, wherein said abrasive grains comprise fused aluminum oxide, ceramic aluminum 
oxide, white fused aluminum oxide, heat treated aluminum oxide, silica, silicon carbide, 
green silicon carbide, alumina zirconia, diamond, ceria, cubic boron nitride, garnet, tripoli, 

20 or combinations thereof. 

36. An abrasive agglomerate particle made according to the method of claim 

12. 

25 37. An inorganic aggregate precursor agglomerate particle made according to 

claim 12. 
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